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In June 2013, we organized the second CECAM workshop on 'Liquid-solid interfaces: structure and dynamics from spectroscopy and simulations', where experimentalists and theoreticians were brought together to foster synergetic discussions. There were 21 speakers invited and a total of 52 participants joined the meeting, participating in lively discussions. The 2013 workshop followed on from the first CECAM workshop in 2011; the special issue resulting from this is available online 1 . We repeat here our association with the Journal of Physics: Condensed Matter, and have the pleasure of being guest editors of this new special issue. We present both computational and experimental contributions that share the common goal of probing the molecular-scale behaviour of both liquids (water is the most common liquid at interfaces) and solids at liquid-solid interfaces, providing microscopic knowledge of the interface structure, dynamics and chemical reactivity.
Interfacial phenomena at solid-water interfaces play important roles in a wide range of natural and industrial processes. At the microscopic level, it is well established that solids and liquids influence their respective structural and chemical properties. In many conditions and environments, ions are present at the interface and thus play key roles in introducing perturbations to the near solid-water interface. Ions are indeed an essential component of physiological solutions as well as of the geochemical environment, and they are present at the interfaces in technological applications. Once at the interface, ions may bind to the solid surface, localize in the topmost adsorbed layer, or diffuse within the interface and up to the bulk water. The influence of ions on the interfacial structural and dynamical properties was a central topic in the presentations and discussions of the workshop, and it is in turn a central topic shared by several of the papers in this special issue.
From an experimental point of view, interface selective vibrational spectroscopy, such as nonlinear second harmonic generation (SHG) spectroscopy and sum frequency generation (SFG) spectroscopy techniques, currently play a central role in addressing liquid structural properties. The wealth of information given by these advanced spectroscopic methods calls for theoretical calculations which would provide the underlying atomistic picture and microscopic origin of the interfacial special order and reactivity that occur at interfaces. In the computational community, first principles molecular dynamics simulations of solid-liquid interfaces are emerging as an important tool. These simulations do not require force field parameterization and do not suffer from transferability issues, and can therefore address heterogeneous environments, including the full electronic structure of both solids and liquids. The nanometer size scale is now within reach of first principles simulations (almost routinely), while spectroscopic time-resolved techniques provide a meeting point between simulations and experiments in the (sub)picosecond time scale. To go beyond these size-and time-scales, multi-scaling approaches are essential in the modelling of solid-liquid interfaces and accurate force-field based simulations are necessary.
Most of the papers in this special issue focus on mineral-water interfaces, with an interest in quartz, amorphous silica, titania, and apatite. In three papers the neat solid-water interface is considered and the relevance of the surface chemistry to the water structure and ordering is highlighted. In particular, in the paper by Cimas et al [1] the structure of water on an amorphous model of a silica surface is investigated for the first time with density functional theory-based molecular dynamics (MD) simulations. A local order in the global disorder is found which roots into the specific silanol chemistry at the interface. In the paper by Ohto et al [2] the impact of the solid surface polarity is addressed and its significant impact on the dynamics of water molecules near the TiO 2 surfaces is investigated. The paper by Corradini et al [3] is one example of first principles-based force field developments and applications of complex lithium fluorite interfaces. The paper by Heinz [4] reviews successful developments of atomistic force fields, including surface chemistry and specific details such as pH for applications in classical MD simulations with a particular focus on metal nanostructures, silica, and apatite surfaces in solution.
In the paper by Selmani et al [5] the influence of ions on surface and the zeta potentials of silver halide single crystals is investigated. In particular, the involvement of water-ions on the interfacial equilibria is addressed. The SHG measurements from the work by Azam et al [6] provide insights into the rationalization of the influence of alkali chlorides and sodium and potassium halides on surface acidity in the case of a silica-water interface. First principles MD simulations by DelloStritto et al [7] also address the influence of ions on the local hydrogen bond network at the interface, and especially how this can affect dissolution rates at quartz-water interfaces. The paper by Cheng and Sprik [8] provides novel insights into the field of computational electrochemistry. A fully atomistic first principles model of a compact electric double layer at the rutile TiO 2 -water interface is presented. Interface capacitances are calculated for ions located in the inner-and outer-spheres, and the relevance to real systems is discussed in relation to modelled approximations.
We are very grateful to all participants and speakers at the CECAM workshop for making this event successful and lively, and for many fruitful discussions. We would like to thank all the authors for their contributions to this special issue of Journal of Physics: Condensed Matter, and we hope that readers will enjoy this collection of papers and find further motivation to investigate and understand the complex phenomena occurring at interfaces.
